Successive droughts in Kenya compounded with other socio-economic constraints have led to persistently unstable and declining agricultural productivity in semi-arid eastern Kenya. This has given rise to the need to find coping strategies that would include growing alternative crops that are drought tolerant and thus suitable for the areas. Research in Kenya and elsewhere has shown that sorghum (Sorghum bicolor L. Moench) has the potential to end severe food insecurity in ASALs due to its tolerance to drought and ability to thrive under a wide range of soils. However, research and government policy in Kenya have shown a continual inclination to maize production in these areas though the crop is regarded a high risk option due to poor adaptation especially to the low rainfall. This paper reviews the potential of sorghum for improving food security in ASALs of Kenya with specific focus on semi-arid eastern Kenya. This will contribute to the ongoing debate to inform private and public sector policy and investments for increasing production of sorghum and other drought tolerant crops in the ASALs as a way of alleviating food insecurity and poverty.
INTRODUCTION
The agricultural sector is the largest contributor to the economies and livelihoods of many African countries. It accounts for 35 % of the continent's GDP, 40 % of export earnings and 70 % of employment (Nyage et al., 2011) . In Kenya, agriculture plays a vital role in development and is often referred to as the backbone of the economy. It is noted that agriculture is likely to remain the driver of the country's economic and social development for a long time (KV 2030 (KV , 2010 . According to Miano et al. (2010) , agriculture directly contributes 26% of GDP with a further 27% through linkages with agrobased industries. The sector also accounts for 65 % of Kenya's total exports and provides more than 18 % of formal employment (GoK, 2009&2010) . Recent estimates (GoK, 2010) show that the agricultural sector offers 70 percent of informal employment to Kenyans especially in the rural areas where most farming activities take place. In comparison, other sectors of the economy such as manufacturing, transport and communication contribute about 10 % to GDP (USAID, 2010) . Considering the pivotal role that agriculture plays in the Kenyan economy, policies regarding development, food security and Journal of Applied Biosciences 71:5786-5799 ISSN 1997-5902 agricultural enterprises including the type of crop to be produced should be guided appropriately. More focus should be directed on smallholder farmers who account for 75 % of total agricultural production and 70 % of marketed agricultural output in Kenya (FAO, 2007) . Most of the smallholder farmers are found in areas considered arid or semi-arid. It is estimated that about 84 % of the country is arid or semi-arid and is not suitable for rainfed agriculture due to low and erratic rainfall. These areas also exhibit frequent crop failures and low crop and animal productivity (GoK, 2010) . In addition to the declining parcels of land, smallholder farming is characterized by lack of markets for their products and weak representation in policy decision making processes. These make production and distribution of farm produce unreliable to meet consumer demands (KENPAF, 2009 ). Adeleke et al. (2010) categorizes African smallholder farmers on the basis of the agroecological zones in which they operate the type and composition of their farm portfolios and landholding and on the basis of annual revenue they generate from farming activities. In areas with high population densities, smallholder farmers usually cultivate less than one hectare of land, which may increase up to 10 hectares or more in sparsely populated areas, sometimes in combination with livestock of up to 10 animals. On the basis of farm revenue, smallholder farmers range from those producing crops only for family consumption to those who earn income from their farming enterprises. Table 1 show that the majority of farmers in Kenya can be categorized as smallholders with a land holding of less than two hectares. Source: GoK (2006) Agro ecological conditions of Eastern Kenya: This review paper focuses on semi-arid eastern Kenya which includes Machakos, Makueni and Kitui counties (Fig. 1) . The region is characterized by cyclical and persistent drought, sometimes going for two to three years at a stretch (Ongeko, 2011) . Low agricultural productivity and erratic rains have also resulted in perennial food shortages in this region. For example in 2005 the average maize yield in Kitui was estimated at 0.06 ton/ha while the total cereal production was about 6661 metric tons as compared to the then annual cereal demand of 82,839 metric tonnes (FAO, 2007) . During the same period, FAO estimated that the then Makueni district produced only 9 % of its annual cereal demand of 127,720 metric tonnes. With such low production, the poverty level in these areas is extremely high, increasing reliance on food relief for survival. It is estimated that 59.6% of the population in Machakos County live below the poverty line (GoK, 2011) . Approximately 64% of the residents in Makueni County also live below the poverty line and this is attributed to low and unreliable rainfall. Poverty level in Kitui stands at 63.5 % (FAO, 2007; GoK, 2011) . Source: Kenya Government, Commission on Revenue Allocation, (2011)
Food security challenges in Kenya: The world summit (1996) defined food security as existing when all people at all times have physical or economic access to sufficient and nutritious food to meet their dietary needs and food preferences for an active and healthy life (FAO, 2009) . FAO on the other hand defined food insecurity as a situation that exists when people do not have adequate physical, social or economic access to food as it is the case in some parts of the world mainly in Africa (FAO, 2010) . The food security situation in Kenya continues to deteriorate despite concerted attempts by stakeholders to address the situation. Food insecurity has been noted to be the main cause of the rising poverty levels in Kenya (Table 3 ; Kinyua, 2004) . The number of the absolute poor increased from 10 million people in 1994 to 13.4 million in 1997 and by 2000 the overall poverty situation in Kenya was approximately 56 % of a population estimated at 30 million people. In 2011 the government of Kenya reported that about half of its estimated population of 38.5 million people were poor and some 7.5 million people lived in extreme poverty while over 10 million people suffered from chronic food insecurity (GoK, 2011) . It was also noted that communities in arid and semi-arid lands of the country were particularly vulnerable to food insecurity because of the recurring natural disasters of drought, livestock diseases, animal and crop pests and limited access to appropriate technologies, information, as well as credit and financial services (Kinyua, 2004) . In common with the rest of the horn of Africa, drought is an inherent part of life in the ASALs of Kenya. It is reported that in the last decade drought episodes were experienced in 2001 , 2003 (Fitzgibbon, 2012 . One dimension of the solution therefore lies in the adoption of indigenous crops that can withstand the harsh climatic conditions in the ASALs and thus improve food security in these regions (KARI, 2006; GoK, 2009 (KASAL, 2010) . Increasing agricultural productivity would be the best long term solution towards poverty alleviation and enhanced food security in the ASALs. However this remains a major challenge especially due to the effect of climate change and variability that is likely to result in frequent and prolonged droughts with intermittent floods which are coupled with shorter recovery time. Despite persistent drought in the semi-arid parts of eastern Kenya, farmers have persisted on growing maize which is highly vulnerable to the harsh agro ecological conditions (Esipisu, 2011) . In 2006 maize productivity in Machakos was estimated at 182.7 kg/ha which was much lower compared to 299.6 kg/ha for sorghum (district planning unit Machakos, 2006) . Even for sorghum, these yields are too low compared to the research potential of 4-5 tons/ha (KARI, 2006) . This is due to low use of inputs by smallholder farmers as a result of high input prices among other factors (Muui et al., 2013) . Current and past efforts to address food insecurity: It is noted that the first two decades after independence, the agricultural sector recorded the most impressive growth in sub-Saharan Africa averaging 6 % annually. This growth was underpinned by sustained government support to agricultural extension and research to support small-scale producers. The government also established and supported many agricultural institutions such as farmer cooperatives and agricultural inputs suppliers, marketing, credit and agro-processing industries. During that period the budgetary allocation to the agricultural sector averaged 3 % of the national budget (GoK, 2010) . Currently, government support to the agricultural sector in terms of budgetary allocation is below 5 %. As a means to curb food insecurity in Africa the Maputo declaration in 2003 saw every head of state commit to allocate 10 % of annual budget to agriculture. Unfortunately, by 2008, Kenya had managed to allocate only 4.5 % (GoK, 2010).The government of Kenya developed and launched the strategy for revitalizing agriculture in March 2004 in line with the economic recovery strategy. The strategy aims to transform Kenya's agriculture into profitable, commercially-oriented and internationally and regionally competitive economic activity that provides high-quality, gainful employment to Kenyans. The new approach represents a paradigm shift from subsistence to agriculture as a business that is profitable and commercially oriented (GoK, 2010) .. Source: GoK (2006) However, of concern was the fact that the strategy to revitalize agriculture did not put much emphasis on promotion of drought tolerant crop varieties for the arid and semi-arid regions in the country which accounts for over 80 % of the Kenyan land mass. As a way to curb food insecurity in Kenya, the government embarked on a special programme called njaa marufuku Kenya (NMK) that was intended to guide initiatives in improving food security of its 52 % food insecure population. This programme was developed in line with the millennium development goals (MDGs) whose objectives was to halve hunger and poverty in Kenya by 2015. It is however very important to note that even in this special programme, very little attention was given to drought tolerant crop varieties which have the potential to reduce food insecurity in the country (FAO, 2007) . Table 4 presents the systematic plan to achieve these goals In Kenya, it is estimated that 80 % of famine alarms are raised in the ASALs. KARI (2006) indicates that the semiarid eastern Kenya is a major consumer of maize and the traditional maize varieties grown by the farmers are poorly suited for the region. Growing of drought tolerant crops provides an opportunity for communities to better cope with climate change in the ASALs (Miano et al., 2010) . In support of this approach, the Ministry of Agriculture has been promoting adoption of "orphan crops" (such as sorghum and millets) to alleviate chronic food insecurity in ASALs as part of its strategy to revitalize agriculture (GoK, 2009). Falcon et al. (2010) describes "orphan crops" as those crops which are typically not traded internationally but which can play an important role in regional food security. The term has also been used to describe crops that receive little scientific research or funding despite their significance for food security in the world's poorest regions. Research evidence shows that sorghum and millets are among the well adapted crops to the ASALs (Taylor, 2003) .
Unfortunately the response to the frequent famine alarms has not adequately exploited the available potential through increased production of these drought tolerant traditional food crops.
POTENTIAL OF SORGHUM FOR IMPROVING FOOD SECURITY IN KENYA
Sorghum (Sorghum bicolor L. Moench) is native to the tropical areas of Africa. The oldest cultivation records date back to 3000 B.C. in Egypt. Sorghum is produced throughout the tropical, semi-tropical and arid regions of the world. The crop is a self-pollinating plant and its drought tolerance is higher than that of corn. It is a member of the grass family graminea and can be categorized into four groups by application, i.e. grain, sweet, broom sorghum or grass sorghum. Grain sorghum is mainly used as a principal food in tropical areas and often used as raw material for alcoholic beverages, sweets and glucose. Broom sorghum on the other hand is for making brooms while sweet and grass sorghum is used to make sweetener syrup and green feed (U.S Grain Council, 2010) . Sorghum is one of the most important drought tolerant crops and is often referred to as the camel of the plant kingdom (Fetene et al., 2011) . The plant has for a long time been noted to be the most important cereal for human consumption surpassed only by maize, wheat, rice and barley (Dicko et al., 2006; Akram et al., 2007) . It is reported to be one of the main staple food crops for the world's poorest and food insecure people (Timu et al., 2012) . Sorghum is a globally cultivated cereal unique due to its tolerance to drought, water logging and saline-alkali infertile soils and high temperature (Taylor, 2003) . It has for a long time been considered as a crop of the resource-poor small-scale farmers and is grown predominately in ASALs (USAID, 2010) . In Kenya sorghum is ranked third after maize and wheat in terms of cereal production and has been noted to do well on a wide range of soils including those with very low fertility (Ashiono et al., 2006; KIRDI, 2011) . The potential of sorghum to catalyse regional development and improve food security is considerably high. Trade statistics from FAO indicate that in total Africa imports up to 1million tonnes of sorghum per year (USAID, 2010). Of concern, however, is the fact that despite the growing population in Kenya which mainly depend on cereal grains as their main diet, the sorghum sub-sector's economic contribution at the micro and macro level is well below its potential. The reasons for the low performance include: low processing capacity, lack of ready market, low processing efficiency levels, and the crop being labour intensive. The crop is also vulnerable to attack by Quelea birds thus need daily scaring of birds, which increases the production costs (KIRDI, 2011) . Farmers in the semi-arid areas often prefer to grow maize since it is less labour intensive and there is often a ready market even in the rural areas. There is also inadequate government support in promoting the production of sorghum inspite of its potential to improve food security and enhance economic development in the ASALs.
Comparatively more support is often given to maize and other "high value" crops like coffee and tea which earns the country foreign currency.
Morphology, growth and development of sorghum in relation to ecological adaptation Root system: The roots of the sorghum plant can be divided into a primary and secondary root system. The primary roots provide the seedling with water and nutrients from the soil. Primary roots have limited growth and their functions are soon taken over by the secondary roots. Secondary roots develop from nodes below the soil surface and constitute the permanent root system which branches freely and can reach a lateral distribution of 1m and a depth of up to 2 m early in the life of the plant. These roots are finer and branch approximately twice as such as roots of maize plants and thus confer an advantage in access of water and nutrients from soils (Republic of South Africa, 2010). Roots distribution and root system structure are both affected by soil moisture and play an important role in the plants ability to survive drought situations. Plants having the ability to increase root growth into regions with more available soil water have better chances of survival under drought situations, since increased root growth re-establishes the soil-root contact and facilitates water uptake (Abdulai, 2005) . Stem: The stem of the sorghum plant is solid and dry, succulent and sweet. The internodes are covered by a thick waxy layer that reduces transpiration and increases the drought tolerance of the plants. In adaptation to drought stress, the stem has no significant role such as that of leaves and roots. In many plants that grow in the tropics (and in temperate-zone crops plants native to the tropics, such as maize, sugarcane and sorghum) a mechanism have evolved to circumvent the problem of wasteful photorespiration. The step in which CO2 is incorporated into a three-carbon product, 3-phosphoglycerate, is preceded by several steps, one of which is a temporary fixation of CO2 into a compound with four carbon atoms. These are referred to as C4 plants. et al., 2010) . Although there is great potential for development in the ASALs, the current picture is rather grim. However the future of ASALs need not to painted so bleak since these areas have enormous resources that can be harnessed not only to sustain themselves but also to contribute to national economic development. Focus on more drought tolerant crop varieties e.g. Sorghum has the potential to improve food security and contribute to economic growth. In terms of tonnage, sorghum has been reported to be Africa's 2 nd most important cereal. The continent produces about 20 million tonnes of sorghum per annum which accounts for a third of the total global sorghum production, (Taylor, 2003; KIRDI, 2011) . In Kenya, sorghum is principally grown in the often drought-prone marginal agricultural areas of Eastern, Nyanza and Coast. USAID (2010) indicate that the major sorghum production areas are eastern province which accounts for 50.2 % of the total area of 104,041 hectares under sorghum production. The potential of sorghum to catalyse regional development and improve household food security is considerably high (USAID, 2010) . Trials conducted in Kenya during the short rainy season showed that sorghum had the capacity to produce higher yields than maize due to its ability to produce grain even with minimal rainfall (Taylor, 2003) . Dicko et al. (2006) indicated that the production of sorghum has been on the increase due to the introduction of improved sorghum varieties. Over the years, research institutions including KARI and ICRISAT have produced suitable dryland crops. This has resulted in the development of genetically superior cereal and legume crops in terms of yields, early maturity and drought tolerance or drought escaping and higher water use efficiency. Among the cereals, several varieties of sorghum have been developed and released. The common ones include KARI Mtama 1, Gadam, Seredo and Serena (Table 5 ) (KARI, 2006; Miano et al., 2010) . Gadam sorghum variety was introduced by KARI to semiarid Eastern Kenya in 2009 as a way for farmers to improve their food security and earn income. The hardhigh yielding variety has not only thrived in harsh conditions, it has also won a place in the hearts of farmers in the region. The grain is high in starch and low in protein, which makes it suitable for malting. It also offers a good alternative source of starch (Esipisu, 2011) . In 2010 KARI estimated the demand for this variety of sorghum to be 60,000 metric tons due to the demand from East African Breweries Limited (EABL), the region's brewing giant but its production was estimated to be only 2,000 metric tons which was way below its potential. This shows there exists huge untapped potential. Production of Gadam sorghum, which is the most recommended in semi-arid eastern Kenya, could be important for improving food security as well. It is short, early maturing and is reported to survive and produce grain with approximately 200mm rainfall (Esipisu, 2011) . The low current production is due to the low adoption of these improved varieties, low use of fertilizers to boost soil fertility, dietary preferences, and low prices (Miano et al, 2010) . 
KARI Mtama 1 Gadam Serena Seredo
Government policies: The arid and semi-arid lands of the world make up to over 40 % of the earth's surface on which over one billion people depend for their livelihood (GoK, 2004) . The arid and semi-arid lands in Kenya, which account for approximately 84 % of Kenya's land mass, are characterized by low and erratic rainfall thus leading to massive crop failures when non-drought tolerant crops are grown (FAO, 2007; GoK, 2010) . Acknowledging that 60 % of the ASALs inhabitants live below the poverty line (GoK, 2004) , MoA (2009) called for the urgent need to diversify livelihoods by adopting traditional crops that are known to do well in the areas. Kenya's agricultural sector is guided by the Agricultural Sector Development Strategy (ASDS), 2010-2020, which aims to increase agricultural productivity, commercialization and competitiveness of the sectors' commodities and enterprises to achieve national food security, increase exports for foreign exchange earnings and create employment opportunities (Kilambya and Witwer, 2013) . The ASDS classifies sorghum as one of Kenya's main food crops, along with maize, rice, wheat, potatoes, cassava, vegetables and beans and puts forth several broad based strategies for increasing productivity and marketability of these crops. Before ASDS was developed, agricultural policy focussed on cash crops rather than staple food crops and even among food crops, more attention was paid to maize than other cereals.
Market initiatives: Sorghum is thinly traded due to low production volumes and poor marketing channels; only an estimated 30% of domestic production is marketed. Most farmers produce enough sorghum to meet their domestic requirements with little surplus to sell. In recent years, KARI in collaboration with East African Breweries Ltd (EABL) has been promoting the use of high quality sorghum varieties such as Gadam in beer production. This development has spurred renewed interest in the commercial production of sorghum, as it offers farmers prospects for higher returns (Kilambya and Witwer, 2013) . In response to the brewing industry's demand for sorghum, KARI and Kenya's MoA have been promoting the production of high quality Gadam sorghum through the bulking and distribution of seeds to farmers under the Traditional High Value Crops (THVC) program , (MoA, 2012) . The program aims to increase production and consumption of drought tolerant crops in the country's ASALs. It was initiated in 2006/07 financial year, mainly implemented through government funding of 150 million Kenya shillings per year. Though the trade is limited in Kenya, this is likely to change in the near future. Due to increased health concerns and awareness, the use of sorghum products has seen a gradual increase as reflected by the quantity and range of processed sorghum products sold in local supermarkets (Kilambya and Witwer, 2013) . Current status of sorghum production and consumption in Kenya: According to USAID (2010) consumption of sorghum in Kenya increased from 1.1 million bags in 2004 to 1.5 million bags in 2008. The per capita consumption also increased from 2.6 to 3.8kg/ca within the same period. This increase in consumption is an indication that people in the ASALs are now realizing the potential of sorghum as a food security crop although the adoption of improved sorghum varieties is still very low. Contrary to Dicko et al. (2006) report that the production of sorghum has been on the increase, the production in Kenya is low despite the introduction of new improved sorghum varieties which are high yielding. Taylor (2003) estimates that despite the potential of sorghum for improving household food security in the semi-arid tropics, Kenya produces only 0.6 % of the total production in Africa. The yields of sorghum have been on the decline since 2006 due to several problems partly related to the post-election violence of 2007/08 and the low use of fertilizers to replenish soil fertility (GoK, 2010) . However, with appropriate government policy, the full potential of sorghum in improving food security in the ASALs and catalyse regional development can become a reality.
CONSTRAINTS TO SORGHUM PRODUCTION
Despite the potential of sorghum to improve household food security and promote regional development, the sorghum sub-sector is faced with numerous challenges. Findings by KIRDI in 2011 indicate that despite the growing population in Kenya which mainly depend on cereal grain as their main staple diet, the contribution of sorghum is well below potential. The problems are further compounded by inefficiencies in input and output marketing including poor market infrastructure, lack of marketing support services and limited market information (USAID, 2010; KIRDI, 2011) . ReSAKSS synthesis report (2011) indicated that despite the significance of the agricultural sector as a primary source of livelihood, the sector is afflicted by several challenges which are especially predominant in the arid and semi-arid areas. The report pointed out that crop productivity has been below potential in recent years especially for sorghum. From this report it is evident that very little attention has been given to the sorghum sub-sector. In Kenya, the report indicated that only 18 hybrids of sorghum had been released as compared to 164 improved maize varieties up to the year 2011. Seed systems and markets: The agricultural sector development strategy, 2010-2020 also noted that the decline in productivity of orphaned crops was partly arising from low use of improved seeds due to poor distribution systems and the monopoly of the Kenya seed company which concentrates its operations in high rainfall areas (GoK, 2010) . The other major problem facing the sorghum subsector is the dominant position of the single market provided by East African breweries for the Gadam sorghum which is widely grown by farmers in the semiarid eastern Kenya. Although EABL has helped to address the problem of marketing, it has led to a situation where farmers do not have an alternative market to sell their surplus produce or grains that do not meet the standards set by EABL. Cases of grains below standard have been encountered due to seed impurities especially mixing of varieties common with commercially supplied seed lots (Miano et al., 2010) . The other problem facing the sorghum sub-sector is an image problem where it is considered to be a food crop for the poor and vulnerable communities in the ASALs. As such its consumption in the urban areas is extremely low and many urban dwellers prefer maize thus lowering the market potential of sorghum. Interventions are necessary to expand the market and increase acceptance of sorghum among the more financially endowed middle class residing in urban areas. Diseases and pests: The frequent invasion by Quelea birds makes sorghum production more labour intensive which makes many smallholder farmers in the ASALs opt for maize production, which has higher risk (Miano et al., 2010) . The red-billed Quelea, also called "pest bird" is a famous bird of the Sub-Saharan Africa with high populations which can devastate cereal fields and an important criterion for farmers to reject white sorghum varieties without tannin (Habindavyi, 2009 ). Other biotic constraints that cause high losses in sorghum cultivation include stem borer and Cercosporios. Service delivery has been hampered by inadequate staff as the current staff to farmer ratio is 1:978 as compared to the FAO recommended ratio of 1:400 (GoK, 2006) . As a result many smallholder farmers especially in the ASALs do not access important information on how to improve their crop productivity, which also contributes to the low crop production in the region. The effectiveness of Kenya's extension service system, specifically in regard to sorghum production, has declined due to low technology adoption rates caused by high poverty indices, weak research-extension-farmer linkages and inappropriate technologies. Although a number of other stakeholders, particularly NGOs are now providing agricultural extension they are thinly spread and in some cases provide non-standardized messages, (GoK, 2006) . While the intensity of fertilizer use has rapidly increased in other parts of the world, it has remained at a low level in SSA. For instance while it has increased from 38kg/ha in 1982 to 101kg/ha in 2002 in South Asia, it increased only from 7 to 8kg/ha during the same period in SSA. In Kenya, the withdrawal by the government from the fertilizer market and abandonment of price controls to encourage private investors increased the distribution of fertilizer in the market but led to an increase in the prices of inputs which are currently unaffordable to the smallholder farmers in the country. The increase in fertilizer prices is largely affected by the prices in the international markets (Yamano & Arai, 2010) , which limits government ability to intervene. In addition, sorghum farmers have not benefited from the subsidized fertilizer scheme operated by the government compared to maize farmers.
